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SPECIFICATION 

L Title of the Invention 

THIN-FILM TRANSISTOR 
2. Claim 

1. A thin film transistor provided with a semiconductor film comprising a non- 
single crystalline semiconductor material a gate insulating film, a gate electrode film, 
a source electrode film, and a drain electrode film on a translucent insulating substrate 
characterized in that the semiconductor film corresponding to the gate electrode film 
position is constituted with a poiycrystalline region obtained by laser beam irradiation 
from an opposite side to the gate electrode position, wherein the poiycrystalline region 
is provided with a channel region comprising a stable poiycrystalline layer being 
extended to the gate electrode side by a thermal conductive effect of the gate electrode 
during irradiation of the laser beam. 

3. Detailed Description of the Invention 
[Industrial Field of the Invention] 

The present invention relates to a thin film transistor (hereinafter, referred to as a 
TFT). 
[Prior .Art] 

In general, a TFT is provided with a semiconductor film comprising a non-single 
crystalline semiconductor material, a gate insulating film, a gate electrode film, a 
source electrode film, and a dram electrode film. In many cases, a lot of TFTs are 
formed on an insulating substrate such as glass at the same time. 
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A TFT array in which a lot of such TFTs are formed on a glass substrate, is 
mounted on an electrode substrate of an active matrix type liquid crystal display device 
and used in each of TFTs to control a supply of a picture signal to a display pixel 
electrode which is combined with the TFT.(Japanese Patent Laid-Open No. 62- 
178296) 

TFTs adopted for an electrode substrate of an active matrix type liquid crystal 
display device are formed by using an amorphous silicon semiconductor and such 
TFTs are realized by a plasma CVD method which is useful to form a silicon 
semiconductor film, a silicon oxide film and a silicon nitride film having a large area. 

Therefore, in recent years, it has been required that a display quality of an active 
matrix type liquid crystal display device is improved and to meet the request, for 
example, there arises a problem to shorten the switching time of TFTs in order to apply 
to a display apparatus for high grade TV. In place of an amorphous silicon 
semiconductor, TFTs using a poiycrystalline semiconductor in which high speed 
electron mobility is attempted, is developed in order to solve the problem. 

To obtain such a poiycrystalline silicon TFT, conventionally, after an amorphous 
silicon film is formed, laser irradiation is performed on an amorphous silicon film on 
channel position from a front side where a gate electrode should be formed latter to 
perform annealing treatment. Then, a gate insulating film, a gate electrode, or the like 
is continuously formed on the channel position. 

However, according to the conventional device, it is impossible to perform an 
effective laser annealing treatment to obtain a channel of uniform quality so that there 
is a fear that TFT characteristics are impaired. 
[PROBLEM TO BE SOLVED BY THE INVENTION] 

The present invention provides a TFT structure which is completed by effective 
laser annealing treatment to obtain a channel of uniform quality. 
[MEANS TO SOLVE THE PROBLEM] 

In accordance with the TFT of the present invention, on a translucent insulating 
substrate, a semiconductor film comprising non-single crystalline semiconductor 
material a gate insulating film, a gate electrode film, a source electrode film, and a 
drain electrode film are provided. The semiconductor film corresponding to the gate 
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electrode film position is constituted with a polycrystailine region obtained by laser 
beam irradiation from opposite side to the gate electrode position. The polycrystailine 
region is provided with a channel region comprising a stable polycrystailine layer 
being extended to the gate electrode side by thermally conductive effect of a gate 
electrode during irradiation of laser beam. 
[OPERATION] 

According to the present invention, in the condition that an amorphous silicon 
TFT structure is obtained, when irradiation of a laser beam is performed in a spot to a 
channel position of a semiconductor film from the rear surface side of a translucent 
substrate, by thermal conductive effect of a gate electrode, uniform heat radiation is 
properly performed on a gate electrode side of the semiconductor film and annealing 
temperature distribution becomes uniform. As a result, TFT structure of a 
polycrystailine semiconductor provided with a channel having uniform crystal gx'd'm 
size is realized at a gate electrode side of a semiconductor film. 
[Embodiment] 

Fig. 1 shows a cross sectional structure of TFT according to an embodiment of 
the present invention. 

The TFT shown in the figure is obtained by forming a semiconductor film A on 
an insulating substrate B and a gate electrode. film G is laminated on a channel region 
C formed on the semiconductor film A through a gate insulating film L Further, a 
source region SA and a dram region DA of the semiconductor film A are contacted 
with a source electrode film S and a drain electrode film D though contact holes of the 
continuous gate electrode film I. 

Regarding the TFT shown in the figure of the present embodiment, the- present 
invention is characterized in that, the channel region C of a semiconductor film A is 
formed by using a polycrystailine region having a uniform grain size which is formed 
close to a surface on which a gate electrode is formed with respect to a thickness 

direction of the semiconductor film A. 

Next, TFT structure of the present invention shown in the figure is explained 
with reference to the manufacturing process. 
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First, on non-alkali glass substrate B, a semicoadcutor film A of an amorphous 
silicon [a-Si] which is intrinstic or slightly P-type is deposited, and subsequently, a 
gate insulating film I such as SiNx or Si0 2 is deposited. These continuous deposition is 
executed by using atmospheric CVD ? low pressure CVD, ECR plasma CVD 7 plasma 
CVD, or sputtering. 

Thereafter, contact holes are formed in a gate insulating film I on a 
semicondcutor film A position to form a source region SA and a drain region SD. [n 
the condition, phosphorus ions are implanted from an electrode side, thereby a source 
region SA and drain region SD made of N-type a-Si are obtained in a semicondcutor 
film A at the position of respective contact holes. 

Then, a metal wiring such as aluminum is deposited and patterned, so that a 
source electrode S contacted to' a source region SA ? a drain electrode D contacted to 
the drain region SD, and a gate electrode G to be arranged on a channel C which is 
obtained in latter step after separating and forming between these two electrodes, are 
formed. 

In the above mentioned step, conventional a-Si TFT can be obtained, and in 
accordance with the present inveniotn. annealing treatment is subsequently conducted 
by using laser beam L. 

Namely, a laser beam L (a wavelength of 300 to 1200nm for transmitting through 
the glass substrate B is needed) is irradiated to a semicondcutor film A of a gate 
electrode position at the opposite side from the glass substrate B side to enable a 
channel C to be formed on a gate electrode side surface layer. 

At this time, in the case that YAG second harmonic (SHG) laser is used as a 
laser, the condition is as follows: 

laser output I , } : 2 x 10 5 to 5 x 10 6 W/car 
laser wavelength a: 530nm 
pulse duration t: 10 to 200nsec 
beam shape: doughnut shape or multi module shape 
beam size;I0 to iOOmm (corresponds to channel C size). 
Also, in the case of using Ar laser, laser output is set to be i to 10^W/crir and in 
the case of using excimer laser, laser output is set to be 0.1 to iOOJ/cnr and 
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wavelength is selected to be about 300nm which is necessary to transmit through the 
glass substrate B (nearly the wavelength of XeCl excimer laser) 

With this kind of the laser annealing treatment, the semiconductor film A part of 
the glass substrate B side where the laser beam L is irradiated is strongly annealed at a- 
non-uniform temperature. On the other hand, a semiconductor film A part at a gate 
electrode G side is made of a metal such as aluminum with an improved thermal 
conductivity so that the temperature distribution at this part is uniform, thus forming a 
polycrystalline silicon [p-Si] with uniform grain size and enabling this region covering 
a source region SA and a drain region SD to function as a channel C. 

The channel C of TFT according to the present invention thus constituted 
operates at high speed and its characteristics is stable (electron mobility is 50 to 
300cm/V-S) by using a laser annealing method whose manufacturing process is 
relatively simple. 

Further, Fig. 2 shows another embodiment of TFT according to the present 
invention. The TFT shown in Fig. 2 is different from the TFT shown in Fig. 1 as 
follows; after a gate electrode film G is formed on a glass substrate B, a gate insulating 
film I, a semiconductor film A, a source region SA and a drain region DA ? a source 
electrode film S and a drain electrode film D are formed. Laser annealing treatment is 
performed on such a constitution. In this case, laser beam L is irraidated to a 
semicondcuto film A from the above direction of the figure which is opposite side of 
the gate electrode film G. By thermal conductivity effect of the gate electrode film G. a 
uniform channel C can be obtained at a gate electrode film G side in the same way as 
the TFT shown in Fig. 1. 
[Effect of the Invention] 

According to the TFT of the present invention, irradiation of laser beam can be 
executed in a spot to a channel position of a semiconductor turn from rear surface side 
of a trancelucent substrate in the condition of obtaining an amorphous semiconductor 
TFT structure, therefore, manufacturing process becomes simple. Also, the 
temperature distribution at the annealing portion of a gate electrode side of the 
semiconductor film becomes uniform with a thermal conductivity effect of a gate 
electrode. As a result, a poiycrystallized channel with uniform crystal grain size can 
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be provided on a gate electrode side of the semiconductor film. Therefore, high-speed 
TFTs having stable characteristics can be obtained according to the present invention, 
thereby the present invention can contribute to, for example, high speed operation TFT 
array for an active matrix type liquid crystal TV with high grade. 

4. Brief description of drawing 

Fig. 1 shows a cross sectional block diagram of an embodiment of TFT according to 
the present invention. 

Fig. 2 shows a cross sectional view of another embodiment of TFT according to the 
present invention. 

B .... semiconductor film, I ... gate insulating film, G ... gate electrode film, S ... source 
electrode film, D ... drain electrode film, C ... channel region. SA ... source region, DA 
... drain region 
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